Enterohemorrhagic Escherichia coli O157 (EHEC O157) is a food-borne pathogen that has raised worldwide public health concern. The development of simple and rapid strain-typing methods is crucial for the rapid detection and surveillance of EHEC O157 outbreaks. In the present study, we developed a multiplex PCR-based strain-typing method for EHEC O157, which is based on the variability in genomic location of IS629 among EHEC O157 strains. This method is very simple, in that the procedures are completed within 2 h, the analysis can be performed without the need for special equipment or techniques (requiring only conventional PCR and agarose gel electrophoresis systems), the results can easily be transformed into digital data, and the genes for the major virulence markers of EHEC O157 (the stx 1 , stx 2 , and eae genes) can be detected simultaneously. Using this method, 201 EHEC O157 strains showing different XbaI digestion patterns in pulsed-field gel electrophoresis (PFGE) analysis were classified into 127 types, and outbreak-related strains showed identical or highly similar banding patterns. Although this method is less discriminatory than PFGE, it may be useful as a primary screening tool for EHEC O157 outbreaks.
Enterohemorrhagic Escherichia coli O157:H7 (EHEC O157) is a food-borne pathogen that causes diarrhea, hemorrhagic colitis, and hemolytic-uremic syndrome in humans (18) . Since its initial identification as a food-borne pathogen in 1982, EHEC O157 has been implicated in numerous outbreaks and sporadic cases, mainly in industrialized countries (8) . To prevent and control EHEC O157 infections, rapid detection of outbreaks and the identification of contamination sources are crucial. Thus, suitable tools for epidemiologic studies and systematic surveillance, such as rapid and efficient strain-typing systems, are needed.
Among the currently available methods for molecular typing of EHEC O157 strains, pulsed-field gel electrophoresis (PFGE) has the highest discrimination power and is widely used for epidemiologic studies and the surveillance of O157:H7 infections (1, 12, 19, 21) . However, PFGE requires strong technical skills and 1 or more days to generate the results. It is also difficult to obtain consistently reproducible results among different laboratories, which hinders interlaboratory data comparisons. Other strain-typing methods for EHEC O157, including PCR-restriction fragment length polymorphism (15, 16) , polymorphic amplified typing sequences (5, 6) , and multiplelocus variable-number tandem repeat analysis (9) , have also been developed. Although these methods have their own advantages, they require special techniques and/or equipment and are time-consuming.
Previously, we determined the whole-genome sequence of E. coli O157:H7 strain RIMD 0509952 (referred to as EHEC O157 Sakai) and identified a total of 98 copies of insertion sequence (IS) elements in the genome (2) . Among these, IS629 and ISEc8 predominated, with 23 copies of IS629 and 11 copies of ISEc8 being identified. Using whole-genome PCR scanning (WGPScanning) and microarray analyses of eight EHEC O157 clinical isolates (10, 11), we identified numerous genomic segments that carried structural polymorphisms (ranging from several hundred base pairs to a few thousand base pairs) among the eight EHEC O157 strains and EHEC O157 Sakai. Recently, we analyzed all of these segments and found insertions/deletions of IS629 and ISEc8 in the generation of these structural polymorphisms. In particular, the genomic locations of IS629 varied significantly between the strains; we identified a total of 77 genomic loci into which IS629 was inserted in some of the nine strains that we examined (13) .
In the present study, based on the variable genomic location of IS629 among EHEC O157 strains, we have developed a simple and rapid multiplex PCR-based, strain-typing method for EHEC O157 strains, which we term the O157 IS-printing method.
MATERIALS AND METHODS
Bacterial strains and culture conditions. We used a total of 325 EHEC O157 strains, all of which are clinical isolates from Japan. These strains were grown on Luria-Bertani (LB) agar or in LB medium at 37°C. EHEC O157 Sakai was isolated from a large outbreak that occurred in 1996 in Sakai City, Osaka Prefecture, Japan (23) . The eight EHEC O157 strains that we previously analyzed by WGPScanning (referred to as WGPS strains 2 to 9) have been described previously (11) . In total, 201 out of the 1,987 strains isolated in 2004 were selected to identify informative target loci. For this selection, clustering analysis of the 1,987 strains was performed based on their XbaI digestion patterns on PFGE, as described previously (20) , and one strain was selected from each of the 201 distinct clusters. In addition, 115 strains from nine outbreak cases that occurred in 2004 and 2005 were used to evaluate the outbreak detection capabilities of the system (Table 1 ; detailed information on the 115 strains is provided in Table S1 in the supplemental material.).
Optimization of the typing protocol. To prepare template DNA for PCR, we employed the distilled water (DW)-boiling method and the alkaline-boiling method. In the DW-boiling method, a colony (2 mm in diameter) was suspended in 50 l of sterilized DW. After being boiled for 10 min, the cell suspension was centrifuged at 10,000 ϫ g for 5 min, and 1 l of the supernatant was used as template DNA. In the alkaline-boiling method, a colony (2 mm in diameter) was suspended in 50 l of 25 mM NaOH. After being boiled for 10 min, the suspension was neutralized by adding 4 l of 1 M Tris-HCl (pH 8.0), it was centrifuged at 10,000 ϫ g for 5 min, and 1 l of the supernatant was used as template DNA. To optimize the protocol, the following parameters were examined: primer concentration (from 0.1 to 10 pM), annealing temperature (from 56°C to 68°C), number of PCR cycles (from 20 to 30 cycles), and agarose concentration (from 2.0% to 3.0%). We also compared several PCR kits from different companies: Ex Taq (Takara Bio, Shiga, Japan); Blend Taq, KOD Dash, and KOD -Plus-(all from Toyobo, Osaka, Japan); and the multiplex PCR kit (Qiagen, Tokyo, Japan). PCR was performed in a 50-l reaction solution with the appropriate buffer supplied by each manufacturer.
Primer design for the detection of IS629 insertions. Two outward universal primers for IS629 (OW-L and OW-R, Fig. 1 ) were designed for the highly conserved regions of IS629, which we identified by comparing all the IS629 elements of EHEC O157 Sakai. For each of the 77 IS629 insertion loci identified in the eight WGPS strains and EHEC O157 Sakai (13) , outside primers (OS-L and OS-R, Fig. 1 ) were designed for the upstream and downstream regions of IS629 such that the amplicons generated by the combination of outside and outward universal primers exhibited a ladder pattern that ranged from 0.1 kb to 1 kb.
Amplification primers for the eae, stx 1 , and stx 2 genes. We designed three primer pairs, each of which amplifies all the known subtypes or variants of the eae, stx 1 , and stx 2 genes except for that encoding the Stx2f variant ( Table 2 ). The reference sequences used to design these primers are listed in Table S2 in the supplemental material.
Data analysis. The banding patterns obtained from the PFGE and O157 IS-printing methods were analyzed using BioNumerics software version 3.5 (Applied-Maths, Kortrijk, Belgium) using the Dice coefficient (for PFGE) or simple 
RESULTS
Principle of the O157 IS-printing method. The principle of the O157 IS-printing method is schematically presented in Fig.  1 . Two outward universal primers for IS629 (OW-L and OW-R) were designed for the left and right regions of IS629, respectively. By comparing all the IS629 sequences identified in EHEC O157 Sakai, we confirmed that these regions have highly conserved sequences (data not shown). The outside primers, OS-L and OS-R, were designed for the upstream and downstream regions of each IS629 locus, respectively. The OS-L and OS-R primer sets were designed so that in combination with the OW-L and OW-R primers, respectively, they produced ladder patterns in the range of 100 bp to 1.0 kb with 50-to 100-bp spacing. Thus, EHEC O157 strains having different IS629 insertion patterns exhibited distinct ladder patterns (fingerprints).
Selection of target loci. For each of the 77 loci in which IS629 insertions were identified in some of the eight WGPS strains and EHEC O157 Sakai (13), we designed preliminary OS-L and OS-R primers that would yield amplicons of 0.5 to 1.0 kb. To determine the discrimination power of each locus, we examined 201 EHEC O157 strains by PCR using the preliminary OS-L or OS-R primer in combination with the OW-L or OW-R primer. The 201 strains were selected from 1,987 EHEC O157 isolates based on the results of clustering analyses of their XbaI digestion patterns. Thus, these strains exhibited different PFGE profiles. Based on the results of this screening, we excluded IS629 loci that yielded amplicons for almost all the strains or for only a very limited number of strains. Thus, 16 target loci were selected for amplification with the OW-L universal primer (loci L1 to L16), and another 16 loci were selected for amplification with the OW-R universal primer (loci R1 to R16).
Redesign of the outside primers for the amplification of selected loci. We designed 16 OS-L and 16 OS-R primers for each of the selected loci (OS-L1 to -L16 and OS-R1 to -R16, respectively, Table 2). By combining these OS-L (or OS-R)
primers with the universal OW-L (or OW-R) primers, we prepared two sets of primers for multiplex PCR: the OW-L primer set (first set) and the OW-R primer set (second set). We included a pair of primers to detect the eae gene in the first set and two primer pairs to detect the stx 1 and stx 2 genes in the second set ( Table 2) .
Optimization of the protocol. Using EHEC O157 Sakai as a test strain, we initially compared two methods for preparing template DNA: the DW-boiling method and the alkaline-boiling method. DNA samples prepared by the alkaline-boiling method constantly yielded good ladder patterns, while those prepared by the DW-boiling method yielded rather variable results (data not shown). To optimize the PCR conditions, we examined the parameters of primer concentration, annealing temperature, number of PCR cycles, DNA polymerase used for PCR, and agarose concentration for gel electrophoresis. Finally, we established the following optimized protocol: (i) reaction mixture (50 l) that contained 1 l of template DNA prepared by the alkaline-boiling method, 5 l of 10ϫ KOD Dash buffer, 5 l of 10 mM deoxynucleoside triphosphates, primer mix, and 0.5 U of KOD Dash DNA polymerase; (ii) PCR for 2 min at 94°C, followed by 20 cycles of 30 s at 94°C, 30 s at 64°C, and 90 s at 72°C; and (iii) electrophoresis in 3% agarose S (Nippon Gene, Tokyo, Japan). The optimized primer concentrations are shown in Table 2 .
Using the two primer sets and the optimized protocol, we examined the WGPS 2 to 9 and EHEC O157 Sakai strains (Fig.  2) . Both primer sets yielded the expected fingerprints for each strain.
Evaluation of the discrimination power of the O157 ISprinting method and comparison with PFGE typing. Using the optimized protocol, we evaluated the discrimination power of the O157 IS-printing method. Using the first and second sets of primers in combination, we classified the 201 strains that showed different PFGE patterns into 127 distinct groups. Among these, 99 strains showed unique patterns and another 102 strains formed 28 groups, with the largest group containing 11 strains (Fig. 3a) . Furthermore, we compared the typing patterns obtained by the O157 IS-printing method and PFGE analysis. Thus, we performed clustering analysis of the 201 strains based on their IS-fingerprinting patterns (80% similarity was employed as the threshold, and the data for eae, stx 1 , and stx 2 were excluded from this analysis). Using this clustering analysis, the strains were classified into 16 groups (groups A to P, Fig. 3a) . This grouping pattern correlated approximately with that derived from the PFGE analysis (Fig. 3b) . Interestingly, most of the strains belonging to groups B, C, H, and N possess both the stx 1 and stx 2 genes.
Detection of outbreak-related strains. To determine whether the O157 IS-printing method could detect outbreakrelated strains, we used this method to analyze EHEC O157 strains that were isolated from nine outbreak cases. In the PFGE analysis, strains from the same outbreak exhibited indistinguishable or closely related PFGE patterns (within twoband differences), except for outbreak 5, which contained a strain that showed a pattern with a four-band difference (see Table S1 in the supplemental material). In the O157 IS-printing analysis, strains from outbreaks 2, 5, 6, and 9 showed identical patterns. Single-band differences were observed in outbreaks 3, 4, and 8 (only one strain in each outbreak [ Table  1] ). Among the 23 strains from outbreak 1, four strains showed the same banding pattern, which had a two-band difference from the major type (Fig. 4a) . The two bands missing in the four strains are derived from the two IS629 loci on SpLE1, which is a large (90-kb) integrative element of EHEC O157 Sakai. However, all of the 23 strains exhibited identical patterns in the PFGE analysis. This suggests that some small deletion or genomic rearrangement occurred in the SpLE1 regions of these four strains during the outbreak or during storage in the laboratory.
Of the 16 strains from outbreak 7, all of which showed indistinguishable patterns in the PFGE, four strains exhibited the same pattern, in which five bands were missing compared to the major type (Fig. 4b) . However, four of the five missing bands are derived from four IS629 loci on plasmid pO157. It is most likely that this plasmid has been lost from the four strains.
These results indicate that the O157 IS-printing method could detect outbreak-related strains, but we need to pay special attention to the fact that multiple bands simultaneously disappear when deletion of pO157 (four bands) or SpLE1 (two bands) takes place.
DISCUSSION
In the present study, we developed a simple and rapid straintyping method for EHEC O157. This O157 IS-printing method is based on the variability of IS629 insertion sites among EHEC O157 strains. Three PCR-based genotyping methods have already been developed for the typing of EHEC O157 strains using the variability of IS insertion sites (14, 17, 22 (14) . This is a rapid strain-typing system that can be finished within 24 h. However, the main aim of this method is to detect O157 strains belonging to clade 8, which have higher virulence potential. Compared with these three methods, our O157 IS-printing method has several advantages. First, since we have selected informative IS629 insertion loci as targets for multiplex PCR, a certain level of discrimination power can be expected, as we demonstrate in the present study. Second, the analysis can be performed without the need for special equipment or techniques, requiring only conventional PCR and agarose gel electrophoresis systems. Third, the analysis can be completed within 2 h of colony picking. Fourth, a number of strains can be analyzed in parallel. Fifth, since the banding patterns can be transformed into digital data (1 for presence and 0 for absence), the data are readily comparable across different laboratories. Sixth, as the primer sets include primers for the amplification of the eae, stx 1 , and stx 2 genes, these major virulence gene markers of EHEC can be detected simultaneously.
On the other hand, our O157 IS-printing method has a lower discrimination power than PFGE, since the 201 EHEC O157 strains showing different XbaI digestion patterns on PFGE were classified into only 127 subtypes by the O157 IS-printing method. Therefore, the O157 IS-printing method may not be sufficiently discriminatory as a stand-alone subtyping method for E. coli O157 strains. Nevertheless, the results of our analysis of outbreak-related strains suggest that our method can be used as an initial screen for the rapid detection of strains that are potentially associated with outbreaks. At present, it may be most appropriate to regard the strains with one band difference in our method as outbreak-related strains. However, special caution is required during interpretation of the data generated using this method, since deletion of pO157, SpLE1, and SpLE5 can generate four, two, and two band differences, respectively, among the strains derived from an outbreak.
